magmatic arc is our preferred source for the Eocene clast assemblage.
INTRODUCTION
Investigations of the petrology of first-generation conglomerate clasts offer many insights into the nature of rocks exposed in their source terrain at the time of deposition. Parameters such as age, texture, composition, and primary pressure-temperature conditions of formation for a group of conglomerate clasts can be useful in identifying the location of deposition of suspect terranes (e.g., Seiders and Blome, 1988; Seiders and Cox, 1992; Schott and Johnson, 1998a, 1998b) , and refining paleogeographic and paleotectonic reconstructions. In favorable circumstances, thermobarometric and age data can be used in conjunction with the depositional age to define minimum exhumation rates (e.g., Lovera et al., 1999) . Because conglomerates preserve intact fragments of their source terrain, they may provide the most detailed record of the nature of terrains that have been lost to erosion, burial, or tectonic dismemberment.
Conglomerates in the German Rancho Formation of the Gualala basin that have an early Eocene depositional age (ca. 49 Ma) afford a unique opportunity to address temporal and spatial issues in the evolution of the western margin of California. Eocene German Rancho Formation conglomerates are compositionally distinct from the earlier Upper Cretaceous conglomerates at Gualala, which have received the most attention (Ross, 1970; Ross et al., 1973; James et al., 1993; Schott and Johnson, 1998a) . Eocene German Rancho Formation conglomerates are also compositionally distinct from contemporaneous conglomerates elsewhere in California (Bachman and Abbott, 1988) . Because it is the most outboard sedimentary basin in California, and is west of the San Andreas fault, the Gualala basin has a variety of potential provenance areas.
A number of provenance studies place the source for Gualala clasts in the nearby Salinian block (e.g., Wentworth, 1966; Ross, 1970; Ross et al., 1973; Schott and Johnson, 1998a, 1998b; Burnham, 1998; Schott, 2000) . The Salinian block is composed of rocks that are characteristic of the eastern and central portions of the Cretaceous Cordilleran batholiths (Ross, 1972 (Ross, , 1984 Mattinson, 1990; James, 1992) . Palinspastic reconstructions that remove Neogene offset on the San Andreas fault system restore the Gualala basin, along with the Salinian block, to a pre-Neogene position outboard of, and adjacent to, the southernmost Sierra Nevada and western Mojave Desert (Ross, 1984; Powell, 1993) . These studies imply as much as 600 km of displacement on faults of the San Andreas and protoϪSan Andreas systems to restore the Gualala basin to a Late Cretaceous depositional location at the latitude of the southernmost Sierra Nevada batholith. Total northward migration of the basin based on this reconstruction, supplemented by Miocene rotations in the southernmost Sierra Nevada and extension in the Basin and Range province (Dickinson, 1996; Cowan et al., 1997; Dickinson and Butler, 1998 ), probably does not exceed 800 km. Alternatively, an exotic origin for the Gualala basin, involving thousands of kilometers of northward transport, is based primarily on the presence of detrital clasts and fragments of Tethyan gastropods and rudistid bivalves in the Gualala Formation (Elder et al., 1998) and shallow paleomagnetic inclinations from turbidite sandstones of the German Rancho Formation (Kanter and Debiche, 1985) . Paleomagnetic data suggest 1810 Ϯ 200 km of northward displacement of the Gualala basin since Eocene time (Kanter and Debiche, 1985) , implying a depositional location at the latitude of the northern or central Peninsular Ranges batholith. Contrasting results for the middle to upper Eocene Butano Sandstone from the northern Salinian block indicate only 590 Ϯ 300 km of northward transport (Kanter, 1988) , and suggest that either the Gualala basin and Salinian block were widely separated in Eocene time, or compaction shallowing of magnetic inclinations (e.g., Kodama and Davi, 1995) affected the Gualala turbidites. It has been suggested that the BajaϪBritish Columbia superterrane may have shed detritus into the Gualala basin as it migrated from Mexico to Canada (Maxson and Tikoff, 1996) , although the time of BajaϪBritish Columbia docking in Canada (Cowan et al., 1997) was roughly contemporaneous with deposition of the Eocene German Rancho Formation clasts that are the focus of this study, so this terrane is effectively precluded as a source (Schott and Johnson, 1998b) . This study employs geochronologic, petrographic, geochemical, and isotopic methods to determine provenance characteristics of Eocene German Rancho Formation conglomerate clasts in an attempt to resolve these disparate tectonic models.
GEOLOGIC SETTING
Upper Cretaceous through middle Eocene rocks of the Gualala basin (Fig. 1 ) consist of conglomerates, sandstones, and mudstones that were deposited by turbidity currents at bathyal depths (Wentworth, 1966; Wentworth et al., 1998) . Paleogene turbidite sedimentation into restricted basins in western California has been interpreted to record the uplift of the Cretaceous magmatic arc and localized blocks west of the Great Valley forearc basin (Nilsen, 1987) . Elsewhere in California, Upper Cretaceous through Eocene conglomerate clast populations in the Coast Ranges generally reflect a shift from local provenance to increasingly far-traveled clast assemblages that were derived from inboard (continental) sediment source areas (Abbot and Peterson, 1978; Bachman and Abbott, 1988) . However, the Eocene clast assemblages at Gualala are distinct from others of comparable age, and therefore correlation with other conglomerates appears unlikely. Wentworth (1966) assigned the Upper Cretaceous rocks to the Gualala Formation (subdivided into the Stewarts Point and Anchor Bay Members), and Paleocene through middle Eocene rocks to the German Rancho Formation (Fig. 2) . The conglomerate exposures that are the focus of this study contain lower Eocene (ca. 49 Ma) fossils (Elder et al., 1998; McDougall, 1998) and are interpreted to represent a single(?) inner and middle fan channel complex that has been repeated along the coast by faulting (Wentworth, 1966; Wentworth et al., 1998; Anderson, 1998) . Paleocurrents generally indicate northwestward flow parallel to the modern axis of the basin (Wentworth, 1966) , although paleomagnetic data suggest that variable clockwise block rotation has affected the basin since Eocene time (Kanter, 1983) .
Conglomerates are present in both the Upper Cretaceous and Eocene sections at Gualala, but their deposition was not continuous and their composition is not uniform. Upper Cretaceous conglomerate clasts are generally well rounded and rarely exceed 50 cm in diameter, whereas lower Eocene clasts are generally less well rounded and range to 3 m in diameter. Compositionally, Upper Cretaceous conglomerates of the Gualala Formation form a bimodal suite; the Stewarts Point Member is dominated by clasts of felsic volcanic rocks of continental origin, whereas the Anchor Bay Member contains mostly gabbroic clasts of oceanic origin (Wentworth, 1966; Ross et al., 1973; Schott and Johnson, 1998a, 1998b; Schott, 2000) . Upper Cretaceous conglomerates have firm provenance links to the Salinian block and the southern Sierra NevadaϪwestern Mojave Desert region (Schott and Johnson, 1998a) . Clast types that are characteristic of the Upper Cretaceous Gualala Formation conglomerates are sparse or absent in the lower Eocene section (Schott and Johnson, 1998b) . Most clasts in the Eocene section are tonalites or granodiorites. The Eocene German Rancho conglomerates contain a higher ratio of plutonic to volcanic clasts than do the underlying Gualala Formation conglomerates; this is opposite to the trend observed elsewhere in the California Coast Ranges (Bachman and Abbott, 1988) .
ANALYTICAL METHODS
Whole-rock powders of cobble-to bouldersize samples were used for major and trace element analyses by X-ray fluorescence (XRF) at Carleton College and Brigham Young University and Sr and Nd analyses at the University of Wisconsin, Madison. Mineral separates from these samples were used for O isotope determinations (quartz) at the University of Michigan, Ann Arbor, and U/Pb age (zircon) and common Pb isotope (feldspar) determinations at the University of Wisconsin, Madison. Analytical procedures were fully described in Schott (2000) Many of the zircon U/Pb age fractions show slight normal discordance, as is common for the California batholiths (e.g., Mattinson, 1978; Stern et al., 1981; Chen and Moore, 1982; Saleeby et al., 1987; James, 1992 O values are calculated assuming ⌬ Qtz-magma ϭ 1.5‰ (Taylor, 1968) and have a precision of Ϯ0.3‰. Initial Sr and Nd isotope ratios (determined on whole-rock powders) are calculated using U/Pb zircon ages for each clast. Lead isotope ratios are assumed to approximate initial Pb isotope ratios because of the low U/Pb ratio of feldspar and the relatively young age of the clasts in this study (i.e., Chen and Tilton, 1991) .
EOCENE CONGLOMERATE CLASTS
Clasts are diverse but consist mainly of igneous rock types, and are divided into groups on the basis of rock type, age, and composition. The most distinctive group consists of garnet-bearing tonalites and trondhjemites (GTT). Although this group represents only ϳ5% of the total clast population, they were preferentially sampled because of their distinctive and unusual composition. The second group, composing more than 50% of the total clast population, consists of equigranular, biotite-and hornblende-bearing tonalites and granodiorites (HBT). Six of the analyzed clasts are not in either of these two groups, and represent no more than a few percent of the total clast population. These clasts bear no particular relation to each other, and represent a number of less common igneous rock types that may be representative of the lithologic diversity that was present in the Eocene provenance area.
Garnet-Bearing Tonalite and Trondhjemite Clasts
Most of the garnet-bearing clasts analyzed are leucotonalites, according to the modal classification scheme of Streckeisen (1976) , and fit the accepted modal and chemical def- initions of trondhjemites of Barker (1979) . They are rich in sodic plagioclase and quartz, mafic minerals are sparse, and K-feldspar is absent. Garnet, biotite, and muscovite occur as inclusion-free, euhedral to subhedral crystals that are usually disseminated throughout the rock. Each constitutes Ͻ5% of the modal total. The GTT garnets are almandine rich (60-70 mol%), and have relatively high pyrope (15-25 mol%) and grossular (9-10 mol%) components relative to spessartine components (6-14 mol%) (R. Schott, unpublished data). They are compositionally similar to garnets from the trondhjemite of the Sherman Thomas drill hole near Fresno, California (Calk and Dodge, 1986) , and distinct from the more common almandine-spessartine garnets that occur as late-stage liquidus minerals in highly evolved peraluminous granites (Wright, 1938; Miller and Stoddard, 1981; Calk and Dodge, 1986) . Primary grains of epidote are also present in a few clasts. Textural evidence suggests that garnet, muscovite, and epidote are of magmatic origin, which may imply high crystallization pressures (Ͼ6 kilobars?) (Green, 1977; Zen, 1985) , although quantitative pressure estimates are precluded because no experimental data exist for these unusual compositions. Garnet-bearing trondhjemite clasts yielded a range of Early Cretaceous crystallization ages (Table 1) . Low U contents (ϳ30Ϫ250 ppm) suggest minimal Pb loss; those samples for which multiple concordant or near-concordant fractions were analyzed show minimal spread along concordia (Figs. DR1 and DR2; see text footnote 1). Two clasts (GTT-2 and GTT-12) show evidence of inherited Proterozoic Pb. The Early Cretaceous lower intercepts for these clasts are within the range of ages of the other GTT samples, and the Middle Proterozoic upper intercepts are similar to inherited components observed in both the Sierra Nevada ) and the Salinian block (James, 1992) .
Chemically, the garnet-bearing trondhjemite clasts are quite distinctive relative to other Cretaceous calc-alkaline batholithic rocks of California. The GTT clasts belong to the group of high-Al 2 O 3 trondhjemites, using the classification of Barker (1979) . At a given SiO 2 the GTT clasts are enriched in Al 2 O 3 , CaO, and Na 2 O, and depleted in K 2 O, Rb, Ba, and TiO 2 (Fig. 3) . These chemical trends are generally consistent with other Mesozoic trondhjemites from the western United States (e.g., Barnes et al., 1996; Truschel, 1996) , although the Gualala clasts are more depleted in K 2 O and Rb (Fig. 3) . The Gualala clasts generally have compositions in the range of Drummond and Defant's (1990) worldwide survey of high-Al trondhjemites.
Rare earth element (REE) patterns of the GTT clasts are also distinctive (Fig. 4) . As is characteristic of high-Al trondhjemites, heavy REE abundances for the GTT clasts are low (YbN ϭ 0.9Ϫ7), suggesting residual garnet and/or hornblende in the source during melting, or extensive fractional crystallization of hornblende (e.g., Arth, 1979) . Unlike the vast majority of trondhjemites worldwide, however, light REEs generally are not significantly enriched (most have CeN ϭ 3Ϫ7). Eu anomalies are generally positive or flat. The resulting patterns are generally flat to slightly light REE enriched overall, and many have a concave-upward pattern that contains a prominent dip in the middle REE; such patterns may be indicative of fractionation of a phase that was enriched in the middle REEs, such as hornblende, apatite, or titanite (Hanson, 1980) . Stable and radiogenic isotope ratios of the GTT clast group suggest a primitive, oceanic or near-trench origin and indicate little input from old continental crust (Table 1 ; Fig. 5 ). Magmatic ␦
18 O values for the GTT clasts are quite low, and range from ϩ6.2‰ to ϩ7.4‰, similar to those of primitive volcanic arcs (e.g., Woodhead et al., 1987 (Fig. 5) , characteristic of the western margin of the Cordilleran batholiths Peterman, 1973, 1978) , and suggest emplacement into oceanic crustal rocks. The ⑀ Nd(t) for GTT samples is more variable, and ranges from ϩ0.9 to ϩ7.2 (Fig. 5C ). The very low and restricted range in 87 Sr/ 86 Sr initial ratios is consistent with derivation from an oceanic basaltic source. Interaction with more evolved crustal rocks is unlikely to produce large shifts in 87 Sr/ 86 Sr ratios, given the high Sr contents of the GTT rocks, although the wide variation in ⑀ Nd(t) may reflect variable interaction with old crustal materials, given the generally low Nd (and REE) contents of the GTT clasts. Note that GTT-2, which contains the greatest U/Pb inheritance in zircon, also has the lowest (most continental) ⑀ Nd(t) . The GTT samples also have very nonradiogenic Pb isotope compositions (Figs. 5D and 6 ), similar to primitive oceanic arcs (e.g., Woodhead and Fraser, 1985 (Fig. 6) ; such steep trends are characteristic of many young mafic volcanic arcs, reflecting mixing between oceanic and continental Pb reservoirs (Church, 1976; Woodhead and Fraser, 1985) .
Hornblende-and Biotite-Bearing Tonalite and Granodiorite Clasts
Hornblende-and biotite-bearing tonalite and granodiorite (HBT) clasts are generally equigranular and medium grained. Biotite and hornblende generally constitute ϳ10% of the modal mineralogy; hornblende is commonly altered but biotite is generally fresh. Major and trace element contents overlap those of coeval Cretaceous rocks in the Cordilleran batholiths of the southwestern United States ( Fig. 3; e.g., Bateman et al., 1984; Ross, 1988) . The light REEϪenriched nature, restricted range of CeN and YbN (10Ϫ15), and negative Eu anomalies are also similar to typical Cordilleran granodiorites ( Fig. 4B; e.g., Dodge et al., 1982; Ross, 1982 Ross, , 1988 Gromet and Silver, 1987) .
The HBT clasts have U/Pb ages of ca. 100 Ϯ 3 Ma (Table 1) , in the range of the most voluminous plutonism in the Sierra Nevada batholith, the Salinian block, and Peninsular Ranges batholiths (Mattinson, 1978; Stern et al., 1981; Chen and Moore, 1982; Saleeby et al., 1987; Silver and Chappell, 1988; James, 1992) . Minor U/Pb discordance from inheritance and Pb loss is common ( Fig. DR3 ; see text footnote 1), but has little influence on the interpreted ages. For example, only one of the eight dated zircon fractions in sample HBT-1 has a concordant age (98 Ϯ 1 Ma), but its age is not significantly different from the rest.
The close grouping in age and chemical compositions of the HBT clasts is also reflected in their isotopic compositions ( O magma ϭ ϩ9.1‰ to ϩ10.2‰) coincide with those of the majority of Cordilleran batholiths (e.g., Masi et al., 1981) , which clearly indicate a major sedimentary component in their source materials. Radiogenic isotope ratios of the HBT clast suite are tightly clustered (Fig. 5) Peterman, 1973, 1978; DePaolo, 1981; Chen and Tilton, 1991) , and indicate a significant older (continental) component than the GTT group. On the basis of similarities in age, and chemical and isotope compositions, it is likely that all of the HBT clasts were derived from a group of closely related plutons.
Other Clasts
Four clasts have Early Cretaceous ages (Table  1) and are generally more silicic than either of the two previously discussed clast groups. Three of these clasts are granites that are isotopically similar to the HBT clast group, although they have a wider range of ages and textures. Sample DFG-1 has a weak biotite foliation and yields an interpreted U/Pb zircon age of 103 Ma. Sample DFG-2 is strongly gneissic and has an interpreted age of 112 Ma. A clast of megacrystic granite (sample MXG) yields two discordant zircon fractions, suggesting an age of 118 Ma. The texture of this rock is phaneritic-porphyritic with equant K-feldspar megacrysts more than 2.5 cm in diameter. Sample QRT is an unusually quartz-rich tonalite that has an interpreted age of 105 Ma.
The two remaining clasts yielded pre-Cretaceous ages (Table 1) and generally are more mafic in composition. Sample GAB is a gabbro and has a poorly defined Late Jurassic U/ Pb crystallization age (144 ϩ18/-3 Ma) based on two discordant zircon fractions ( Fig. DR4 Sr ratio, ⑀ Nd(t) , and Pb isotope ratios are at the extreme primitive end of oceanic isotope compositions of the clasts in this study (Fig. 5) , as well as all exposed Cordilleran plutons. The other pre-Cretaceous clast is an epidote hornblende trondhjemite (sample EHT). Two dated zircon fractions straddle concordia (Fig. DR4) and suggest a Permian (ca. 258 Ma) crystallization age. Epidote is conspicuous and appears to be of secondary origin (possibly hydrothermal). Although chemically similar to the GTT clasts, sample EHT has isotopic compositions that are more similar to the HBT clasts (Fig. 5) .
DISCUSSION

Clast Sources
The GTT clasts are a very distinctive and unusual rock type and would therefore seem to offer the best hope for a unique correlation with a source body. The wide spread of ages (ϳ30 m.y.) suggests that the GTT clasts were (Ross, 1982 (Ross, , 1988 . Number following symbol key indicates weight percent SiO 2 for each clast. Note that the pattern of the Sherman Thomas garnetbearing trondhjemite, which is representative of most western United States trondhjemites, is much more enriched in light REE than most GTT clasts.
derived from multiple plutons and that trondhjemite generation was an ongoing process in the source terrain. Isotopic compositions of the GTT clasts are consistent with an origin in a primitive oceanic arc or a near-trench origin within a continental magmatic arc. The low K 2 O contents and Early Cretaceous ages of the GTT clasts are consistent with an origin at the western edge of the Cretaceous batholithic belt in California, where K 2 O increases (Bateman and Dodge, 1970) and crystallization age decreases (Stern et al., 1981; Chen and Moore, 1982) eastward across the arc. If the occurrence of apparently igneous garnet and epidote in these clasts is indicative of high-pressure crystallization, then significant exhumation of the source terrain during Late Cretaceous and Paleogene time is required. Assuming 6 kilobar crystallization ca. 110 Ma and erosion ca. 50 Ma, a minimum exhumation rate may be calculated as ϳ0.3 mm/yr.
In the Cordillera of North America, Upper Jurassic and Lower Cretaceous trondhjemites constitute a widespread but volumetrically minor rock type that are most commonly found as isolated plutons that were intruded into oceanic framework rocks along the western edge of the major Cretaceous batholiths (Hietanen, 1975; Silver and Chappell, 1988; Barnes et al., 1996; Truschel, 1996) . However, all of the trondhjemites in this belt have strongly light REEϪenriched patterns (Dodge et al., 1982; Barnes et al., 1996; Truschel, 1996) , unlike the majority of the GTT clasts. Garnet of igneous origin is largely absent from plutons of this belt. One exception is the 126 Ma garnetbearing trondhjemite of the Sherman Thomas heat-flow drill hole near Fresno, California (Lachenbruch, 1968; Naeser et al., 1971) , which has garnets similar in composition to the GTT clasts (Calk and Dodge, 1986) ; however, this body is located too far north to be a viable GTT clast source. Other garnet-bearing plutons in the Cordillera are either too potassic and/or of the wrong age to be sources for the GTT clasts. Plutons of trondhjemitic composition are not currently exposed anywhere in the southern Sierra Nevada batholith (Ross, 1988) or the Salinian block (Ross, 1973) , although significant portions of the western margins of these terrains are hidden beneath Neogene sedimentary rocks or seawater. Trondhjemites are present in the western portion of the Peninsular Ranges batholith, but none is known to contain garnet Chappell, 1988, 1998 ). An intraoceanic arc exotic to the North American Cordillera is a possible source for the GTT clasts, although no terrane is currently exposed that contains these rock types. Thus, none of the currently exposed trondhjemites in California appear to have all of the appropriate characteristics to be parental to the assemblage of GTT clasts in the German Rancho Formation.
Mid-Cretaceous (ca. 100 Ma) biotite-and hornblende-bearing tonalites and granodiorites, however, are so voluminous and widespread in the Sierra NevadaϪSalinia-MojaveϪPeninsular Ranges batholiths that they have limited value for defining a distinctive and unique source. The rocks that are currently exposed at the northwest margin of the Salinian block (Ross, 1972; Mattinson, 1990) and in the Intrusive Suite of Bear Valley Springs in the southern Sierra Nevada batholith east of Bakersfield (Ross, 1987 (Ross, , 1988 (Ross, , 1989 Saleeby et al., 1987; Saleeby, 1993, 1994) are excellent matches for the HBT clast suite. In both regions rocks are predominantly tonalite and subordinate granodiorite, have crystallization ages ca. 100 Ma, and have isotopic compositions that are characteristic of axial portions of the batholith (e.g., 87 Sr/ 86 Sr initial ϳ0.706 and ␦ 18 O magma ϳϩ9.5‰). Plutons from these two regions may have been emplaced into the same, or adjacent, parts of the Cretaceous magmatic arc, but were subsequently dispersed by a combination of batholithic collapse and transform tectonics (Ross, 1984; Silver and Mattinson, 1986; Schott and Johnson, 1998b; Wood and Saleeby, 1998) . The significant age, chemical, and isotopic overlap of these sources and the HBT clasts is illustrated in Figures  3Ϫ6 . As in the Sierra Nevada batholith and Salinian block, there are substantial exposures of ca. 100 Ma tonalite and granodiorite in the central Peninsular Ranges batholith, although published details of the chemistry and ages for the Peninsular Ranges batholith rocks are scarce (Silver and Chappell, 1988) . Therefore, although the Peninsular Ranges may be an equally viable source terrain for the HBT clasts, it is difficult to evaluate this option with the data currently available.
The two deformed granite samples predate the HBT clasts, but have isotopic compositions that suggest that they were also emplaced in an axial batholithic location. Evidence of a 115Ϫ100 Ma deformational event is observed in the northern Salinian block (James, 1992) and Tehachapi mafic gneiss complex of the Sierran tail (Ross, 1985; Saleeby et al., 1987) . The 118 Ma megacrystic granite clast also appears to originate in an axial batholithic location based on its isotope ratios, but it is undeformed. The 144 Ma gabbroic clast is lithologically distinct from the other German Rancho Formation clasts, but is similar to clasts found in the Cretaceous Anchor Bay Member of the Upper Cretaceous Gualala Formation that have ages spanning ca. 144Ϫ165 Ma (Wentworth, 1966; Ross et al., 1973; Schott, 2000) . This clast may be reworked from the older part of the section or may be derived from the same source area as the Anchor Bay Member conglomerates. There is no currently exposed source of Permian granitoids that would have been proximal to the Gualala basin at the time of deposition. The nearest known Permian rocks are located considerably east of the Cretaceous batholithic belt in the central Mojave Desert (Miller et al., 1995) . Although Permian rocks are found in ophiolitic accreted terranes such as the KingsKaweah ophiolite (Saleeby, 1990) , these rocks are generally more isotopically primitive than sample EHT. No Permian granitoids are known from the Peninsular Ranges batholith.
Eocene Provenance and Paleogene Tectonics
The size (to 3 m in diameter) and subangular shape of conglomerate clasts within the study area strongly suggest a proximal sediment source at the time of Eocene deposition. The abundance of plutonic clasts and lack of volcanic or sedimentary clasts imply that high-level rocks were removed from the source area prior to Eocene time either tectonically or by erosion. The largest and most abundant clasts in the localities studied belong to the HBT clast group, suggesting that this was the most proximal and/or most widely exposed of the various rock types in the source area. The GTT clast group constitutes the second most abundant clast type in the Eocene section, and individual clasts to 1 m in diameter are observed in outcrop.
Because all of the conglomerate clasts analyzed in this study are intimately intermixed in what appears to be a single fan channel complex, it is reasonable to infer that the source bodies for the individual clasts types were in close proximity to each other at the time of deposition (ca. 49 Ma). However, the marked chemical and isotopic contrasts between the GTT and HBT clast types, relative to the generally continuous across-arc variations seen in the Cordilleran arcs, suggests that the two source bodies were originally located in distinct positions within the magmatic arc. Tectonic juxtaposition of these distinct sources is inferred to have occurred prior to Eocene time.
Because GTT and HBT clasts are not found in the Upper Cretaceous section at Gualala and few, if any, of the Upper Cretaceous clast types are present in the Eocene section (Schott and Johnson, 1998b; Schott, 2000) , we suggest that an early Paleogene tectonic rearrangement occurred in the Gualala basin and/ or its source areas. It is possible, for example, that early Eocene conglomerate sedimentation marked the arrival of a tectonic fragment by strike-slip translation, localized uplift, or decrease in sea level. A tectonic fragment may have been translated by slivering of the outboard edge of the westward-displaced Salinian block during dextral transpression that accompanied the late stages of batholithic collapse in the southern Sierra Nevada batholith-northern Salinian region (Fig. 7) (Silver and Mattinson, 1986; Malin et al., 1995; Schott and Johnson, 1998b) . The San Emigdio fault in the western Sierran tail (Ross, 1989) and the Butano fault in the northern Salinian block (Powell, 1993) have the proper orientation, sense of motion, and age to be considered strands of such a fault system.
Western Salinian Source?
Because the sources for the HBT clasts could include several Cordilleran batholiths, and an exact match for the GTT clasts is not currently exposed, we use our Late Cretaceous paleogeographic interpretation for the Gualala basin (Schott and Johnson, 1998a ) as a reference to interpret the Eocene paleogeography. The distinctive clast assemblage of the Upper Cretaceous Gualala section strongly suggests that the Gualala basin was adjacent to the southern Sierra Nevada tail. Paleomagnetic data for the Eocene sections (Kanter and Debiche, 1985) , which have low inclinations, would require ϳ1000 km of southward translation between Late Cretaceous and early Eocene time, followed by a concomitant northward translation before the Neogene. We consider such ''yo-yo tectonics'' to be unlikely, and instead suggest that the shallow paleomagnetic inclinations in the Eocene German Rancho Formation reflect compaction shallowing (e.g., Dickinson and Butler, 1998) .
The northwesternmost exposed portions of the Salinian block contain rock types that are viable sources for most of the German Rancho Formation clasts that have axial batholithic affinities. HBT clasts are good matches for the ca. 100 Ma tonalites and granodiorites that constitute a significant portion of the basement in the northernmost Salinian block (e.g., Bodega Head, Tomales Point, Cordell Bank, Montara Mountain, Ben Lomond, and the Farallon Islands) (Mattinson, 1990; James, 1992) . This area also contains rocks that are potential matches for the deformed granite clasts (e.g., Laguna orthogneiss of James, 1992) . In the Ben Lomond area, quartzite that contains Proterozoic zircons is intruded by ca. 100 Ma tonalites (James, 1992) ; a hybrid of these rock types may be the source for clast QRT. Megacrystic granites that are exposed at Point Reyes and Monterey (Clark et al., 1984) are good textural and compositional matches for clast MXG; however, the U/Pb ages of these bodies are slightly younger (Mattinson, 1978) . Although originally formed in the axial portions of the Cretaceous batholithic belt, these rocks were probably juxtaposed with the Gualala basin's forearc depositional site through a combination of Late Cretaceous batholithic collapse in the Salinian segment of the arc and Paleogene dextral faulting of the Salinian promontory (Schott and Johnson, 1998b) (Fig. 7) .
Rocks that would be expected to constitute the western portions of the Salinian segment of the Cretaceous magmatic arc are not currently exposed, and thus their exact nature and tectonic history are a mystery (Page, 1982) . Because the palinspastically reconstructed parts of the exposed Salinian arc duplicate the transverse age, geochemical, and isotopic trends observed in the Sierra Nevada batholith (Mattinson, 1990) , it seems reasonable to infer that plutons of the western portion of Salinia would be similar to those currently exposed in the western Foothills Belt of the Sierra Nevada. We therefore propose that the GTT clasts and clast GAB are likely to reflect sources from the western segment of the batholith, on the basis of their Late Jurassic to Early Cretaceous crystallization ages, low K 2 O contents, and oceanic isotope ratios, and provide a glimpse into the extreme western edge of the Salinian terrane that may be buried on the continental shelf or has been lost by translational movement. The clasts are unlikely to reflect a passing exotic terrane, because rocks of this composition-age relation are not found in the Pacific Northwest terranes that have been identified as far traveled.
CONCLUSIONS
Provenance data presented in this study provide new restrictions on the Eocene sediment source and Paleogene tectonics of the Gualala basin, although establishing a unique link to any of the possible, currently exposed, source terrains is difficult. The most distinct clasts in the Eocene German Rancho Formation are garnet-bearing trondhjemite (GTT) clasts that have Early Cretaceous crystallization ages spanning 30 m.y. and have highly distinctive compositions. Age, chemical, and isotopic data for this clast type all point to an origin at the western (near trench) margin of the Cretaceous batholiths of California. Although none of the trondhjemites currently exposed in the California batholiths appears to match all of the characteristics of the GTT clasts, much of the westernmost Cretaceous batholithic belt is currently hidden beneath Neogene sediments or the Pacific Ocean; data from the Sherman Thomas drill hole in the western Sierra Nevada suggest that rocks similar to the GTT clasts may underlie the largely unexposed western margin of the Sierra Nevada batholith. Hornblende-and biotite-bearing tonalite and granodiorite (HBT) clasts that have tightly clustered (ca. 100 Ma) crystallization ages and compositions appear to be derived from the axial region of the Cretaceous batholiths; however, these rocks cannot be uniquely tied to any specific source region or batholith.
Changes in conglomerate composition between the Late Cretaceous and Eocene strongly suggest that early Paleogene tectonism affected the Gualala basin and/or its source terranes. Strong provenance ties between Upper Cretaceous Gualala basin conglomerates and the Salinian block (Schott and Johnson, 1998a) cast doubt on paleomagnetic implications that Eocene conglomerates had a source in the Peninsular Ranges batholith. The Salinian block is a permissible source for the abundant HBT clast type and many of the less common Eocene clasts are currently exposed at the northwest margin of the Salinian block.
